I
n 1865, Thomas Hodgkin was immortalised by his peer, Samuel Wilks, in the annals of medical literature through the eponymous use of the term 'Hodgkin's disease' . 1, 2 Consequently, it must have seemed logical for the medical community of the time to name the other, more heterogeneous group of neoplastic lymph node enlargements as non-Hodgkin lymphoma (NHL). A century and a half later, NHL has emerged from those shadows and is now recognised as the leading haematological malignancy worldwide. 3 The second of this two-part medical history article provides a succinct narrative of what transpired in these 150 years to pique scientific curiosity and establish NHL in the centre stage. It follows the trail of classifications, aetiology and epidemiology, prognostic factors and, finally, the elusive holy grail of treatment which marked this period of medical history.
The Mother of All Classifications: Confusion and logic
It would not be an understatement to assert that the classifications of NHL are the outright frontrunners in terms of their complexity when compared with other tumour classifications. This is a reflection of the transition of pathological diagnosis from an 'eyes-only' morphological basis in the 19 th century, to the more sophisticated tools of immunology and genetics that exist today.
In 1864 and 1865, Virchow and Cohnheim had recognised the diseased enlargement of lymph nodes as lymphosarcoma and pseudoleukaemia, respectively, although the term 'malignant lymphoma' was first used by Bilroth in 1871. 4 It appears that the diseases thus identified had resulted from a mix of neoplastic, infective and miscellaneous causes of lymph node enlargement. Between the end of the 19 th century and the middle of the 20 th century, little headway was made in identifying NHL, with the sporadic additions of reticulum cell sarcoma by Oberling in 1928 and giant follicular lymphoma by Brill and Symmers in 1925. 4, 5 The first organised classification appeared through the efforts of Rappaport in 1956, with a modified version being published in an Armed Forces Institute of Pathology fascicle in 1966. 6 The categorisation of NHLs into nodular, diffuse and histiocytic, each with subtypes, was based on architectural organisation and the cell size of the neoplastic lymphoid infiltrate. 6 In subsequent years, the histiocytic category of NHLs was lost, as true histiocytic lymphomas were found to be exceedingly rare once immunomarker-based identification became possible.
The 1960s saw an ever increasing evolution in the science of immunology and associated tools. Scientists on both sides of the Atlantic Ocean drew on these resources to breathe new life into the concepts of lymphoid differentiation, trying to relate neoplastic cells to their normal counterparts in lymphoid tissue. [7] [8] [9] [10] In the USA in 1974, Lukes and Collins' classifications combined the presumed cell of origin (B, T or histiocytic), site of origin (follicular) and state of transformation as evidenced by combinations of cell size (small/large) and nuclear shape (round/cleaved). 7, 8 In Europe, the Kiel classification by Lennert and Luke (proposed in 1974 and extensively modified in 1988) introduced the concept of tumour grading, suffixing low grade tumour cells with "-cytic" and higher grades with "-blastic" (e.g. centrocytic, centroblastic and immunoblastic). 9 The Kiel classification continued to be updated with accumulating data, adding extranodal and T cell lymphomas. Yet another schema, the British National Lymphoma Investigation (BNLI) classification, was propounded in 1974 by Bennett et al. To assuage the increasing frustration among clinicians, lost in a maze of classifications with questionable clinical relevance, a working formula for clinical usage was created by a group of experts appointed by the National Cancer Institute in the USA in 1978. 11 Six experts and six non-experts reviewed a thousand NHL cases with adequate clinical follow-up. They drew on previous classifications and separated low-and high-grade groups (respectively showing small and large cells) by an intermediate grade. However, this new grade was contentious because of the inclusion of 'mixed-bag' entities. Moreover, the universal application of the classification came into question as NHL subtypes varied in frequency in different parts of the world and the cases studied represented only those seen in the USA. 11 However, this remained a working formula until it was succeeded by later classifications. The 1970s and 1980s saw a trifurcated practice of NHL classification in the Western world: the working formulation favoured in the USA, the BNLI in the UK and the Kiel classification in Europe. [9] [10] [11] Founded in 1990 by Stein and Isaacson, the International Lymphoma Study Group tried to unify transatlantic opinions in its Revised EuropeanAmerican Lymphoma (REAL) classification of 1994. 12 This schema tapped newly emerging data and combined clinical features, morphology and immunophenotyping and genetic information. Notably, the group was comprised of 19 histopathologists from around the world in an inclusive approach so as to encompass diversity in disease and scientific opinion. 12 The group emphasised the acronym of the classification, REAL, by endorsing the recognition of true clinicobiological entities. 12 The World Health Organization classifications of haematopoeitic and lymphoid tissue tumours of 2001 and 2008 emerged from this foundation, grouping established and provisional categories of NHL under a broad umbrella based on cell lineage and differentiation (precursor/mature and B/T/natural killer/histiocytic/ dendritic cell types). 13 Subtypes of Hodgkin lymphoma were also listed. In these now well-established and revised classifications, a close intertwining of clinicopathological features and definitive cytogenetics brought order and improved understanding. Notable examples of specific diagnostic entities determined by their genotype include follicular lymphoma (t [14:18] ), Burkitt lymphoma (t [8:14] ) and anaplastic large cell lymphoma (t [2:5] ). 13 The emerging era of targeted therapy demands standardised reporting on potential targets in tumour cells, like cluster of differentiation twenty (CD20) and anaplastic lymphoma kinase (ALK); the diagnostic pathologist now has the onerous responsibility of being both a predictor and prognosticator.
Aetiology of Non-Hodgkin Lymphoma: Immune dysregulation
When lymphoma came to be recognised as a clinical entity, it was difficult to separate its neoplastic origin and intent from other causes of lymphadenopathy, especially infection. The distinction became easier once diagnostic patterns could be established via microscopy. In the last century, rapid advances in microbiological, immunological and molecular techniques have brought epidemiological evidence of risk and aetiology to light. Stimulation of the lymphoid cells or integration of the infectious agent with cellular DNA may provide the opportunity for uncontrolled proliferation-associations of hepatitis C and human immunodeficiency virus with multiple NHL-subtypes; Epstein Barr virus with Burkitt lymphoma; and Helicobacter pylori with gastric mucosa-associated lymphoid tissue lymphomas are established examples. [14] [15] [16] Altered regulation of immunological processes (autoimmune diseases) or their suppression (post-transplantation) provide the milieu for neoplastic lymphoid clones to grow without the usual checks. 17, 18 Large-scale case-control studies from multiple continents under the International Lymphoma Epidemiology Consortium will provide additional data for future historians. 19 
Prognostic Factors: Towards precision medicine
Consistent with the history of the evolution of NHL classifications, a plethora of literature has emerged attempting to describe prognostic factors for the more common forms of NHL. The complexity of NHL does not end with descriptions of new subsets at major scientific meetings, but continues to evolve with new clinical and molecular features of each major subtype. These features help to describe prognostic groups or prognostic features within selected NHL subtypes.
Three major prognostic systems deserve special mention. The first was a predictive model for aggressive NHL developed in 1993 and known as the International Prognostic Index. 20 The index used clinical features including age, clinical stage, serum lactate dehydrogenase level, number of extranodal sites and performance status to stratify patients into low-, low-intermediate-, high-intermediate-and highrisk categories. 20 The second major system describes two major types of B cell lymphomas at the molecular level. Alizadeh et al. used DNA microarrays to systematically characterise gene expression in B cell lymphomas. 21 (methotrexate with leucovorin, bleomycin, doxorubicin, cyclophosphamide, vincristine and dexamethasone); MACOP-B (methotrexate with leucovorin rescue, doxorubicin, cyclophosphamide, vincristine, prednisone and bleomycin); and ProMaCE-Cyta-BOM (prednisone, doxorubicin, cyclophosphamide, etoposide, cytarabine, bleomycin, vincristine, methotrexate and folinic acid). By the mid-1990s, a stalemate had been reached.
At the turn of the century, two significant strides were made. Research indicated that a second attempt at a cure was possible for a majority of patients with aggressive NHL: high-dose chemotherapy with autologous stem cell transplantation could cure 45% of patients, as compared to 12% of those who were treated with a second-line chemotherapy regimen. 29 Secondly, knowledge of the molecular structure and expression of cell surface antigens changed the face of treatment for almost all forms of NHL forever. A monoclonal antibody (rituximab) was engineered, targeting the CD20 antigen expressed on the surface of B lymphocytes (especially activated B cells) and a new paradigm of treatment emerged. 30 A combination of cytotoxic chemotherapy with the anti-CD20 antibody improved remission rates and cure rates. 31 What has followed since this discovery has been nothing less than spectacular. The use of a monoclonal antibody as a single agent to induce remission and prolong remission and in combination to enhance the effect of salvage chemotherapy before high-dose treatment and autologous stem cell transplantation are options which have changed the outlook for patients with NHL. [32] [33] [34] More recently, radioimmunoconjugates, monoclonal antibodies against different antigens and molecule inhibitors, such as bruton tyrosine kinase inhibitors, have been added to the armamentarium of physicians treating NHL. 35 While the chances of a cure continue to improve with the advent of targeted therapy, parallel efforts are underway to reduce the short and long-term toxicity of these treatment options.
Lessons from the History of Non-Hodgkin Lymphoma
Pathological diagnostic challenges are often mirrored in taxonomic riddles that create a bewildering maze of classifications. For over a century and half, NHL classifications have been a prime example of the disconnect between the lexicon of the microscopist and the clinical relevance of the resultant diagnostic entity. The search for clarity is achieved most often through insight, pragmatism, the bridging of geographical divides and collaboration between They described two forms of molecularly distinct diffuse large B cell lymphoma (DLBCL); one type expressed genes characteristic of germinal centre B cells and the other expressed genes induced during the in vitro activation of peripheral blood B cells (activated B-like DLBCL). The former had a better outcome compared to the latter. 21 The third major attempt at disease prognostication came with the advent and widespread use of positron emission tomography (PET) scans in 2005. 22 Functional imaging with 18 F-fluorodeoxyglucose PET scans, and subsequently with combined PET/computed tomography, was found to increase the sensitivity and specificity of disease assessment and also predict outcomes. 22 Numerous studies have confirmed that mid-treatment PET scans are predictive of clinical outcomes, especially when the negative predictive value is very high. The treatment of NHL came into the limelight through serendipity. Towards the end of World War II, alkylating agents used in chemical warfare were observed to cause ulcers, infections and alopecia amongst the inmates of concentration camps. Subsequently, nitrogen mustard gas and its derivatives were used for the treatment of lymphoproliferative disorders as well as many other cancers in the 1950s. 24 Since the 1960s, alkylating agents used individually (chlorambucil) and in combination (cyclophosphamide, hydroxydaunomycin, vincristine and prednisolone [CHOP] ) became the standard of care for the majority of patients with indolent and aggressive NHL, respectively, for the next 30 years. 25 Chlorambucil induced stable remission in a significant number of patients with symptomatic indolent NHL and CHOP not only induced remissions in the majority of patients with aggressive NHL, but also 'cured' a significant number. Further efforts to cure either indolent or aggressive forms of NHL met with disappointing results. 26 Newer generations of alkylating agents or combinations with additional and different cytotoxic agents or dose-dense chemotherapy did not improve chances of a cure and were more toxic. 27, 28 Chemotherapy combinations included m-BACOD 
